Proton and neutron separation energies have been calculated using the extended Bethe-Weizsäcker mass formula. This modified Bethe-Weizsäcker mass formula describes minutely the positions of all the old and the new magic numbers. It accounts for the disappearance of some traditional magic numbers for neutrons and provides extra stability for some new neutron numbers. The neutron and proton drip lines have been predicted using this extended Bethe-Weizsäcker mass formula. The implications of the proton drip line on the astrophysical rp-process and of the neutron drip line on the astrophysical r-process have been discussed.
I. INTRODUCTION
Recent improvements of radioactive ion beam (RIB) technology allow measurements of the masses, half-lives, radii and other properties of unstable nuclei. Nuclear reactions using RI beams have also been studied extensively. Based on these results, some interesting characteristics of unstable nuclei, such as a halo and a skin [1] , have been revealed. The disappearance of some traditional magic numbers and extra stability for some neutron numbers [2] have also been observed. The Bethe-Weizsäcker (BW) mass formula [3] designed to reproduce the gross features of nuclear binding energies for medium and heavy nuclei fails for light nuclei, specially away from the line of stability. The unusual stability of nuclei with preferred nucleon numbers commonly referred to as magic numbers and have been explained to be due to nuclear shell structure can be clearly delineated by the Bethe-Weizsäcker mass formula. But the newly observed features like the disappearance of some traditional magic numbers and extra stability for some neutron numbers can not be identified.
In the present work the one neutron and one proton separation energies have been calculated using the newly extented Bethe-Weizsäcker (BW) mass formula [4] which delineates the positions of all old and the new magic numbers. This modified BW mass formula also explains the shapes of the binding energy versus neutron number curves of all the elements from Li to Bi. For heavier nuclei this modified BW mass formula approaches the old BW [3] mass formula. The nucleus from which removal of a single neutron (and any more) makes the one proton separation energy negative defines a proton drip line nucleus and the nucleus to which addition of a single neutron (and any more) makes the one neuton separation energy negative defines a neutron drip line nucleus. Proton and neutron drip line nuclei, thus obtained, over the entire (N,Z) region, where N and Z are the neutron and atomic numbers, respectively, of nuclei, define the predicted neutron and proton drip lines. Since the new mass formula has been capable of identifying all the new magicities or its loss, calculations according to this mass formula are expected to provide better limits to the neutron and proton drip lines.
Investigations near N=Z reveals the role of the neutron-proton interaction and its consequences for p-n pairing. Steep decrease in the isoscalar p-n pairing energy has been suggested with increasing | N − Z | [5] . Moreover, the light neutron rich nuclei away from the region of β-stability have been found to be more bound than the old BW mass formula predictions indicating the existence of a more complicated dependence of the nuclear binding energy on the neutron-proton asymmetry. The symmetry energy coefficient which has been found to decrease with decreasing density for the asymmetric nuclear matter [6] suggests that for light nuclei with relatively large low density region near the surface, the effective symmetry energy coefficient should be smaller compared to heavier nuclei. These observations warrant the need for modifications of the old BW mass formula encompassing the domain of light nuclei that can help to identify the new magicity or, its loss and, give a better limit to the neutron drip line.
II. THE MODIFIED BETHE-WEIZSÄCKER MASS FORMULA
The binding energy of any nucleus of mass number A and atomic number Z obtained from a phenomenological search can be given by a more genaralized BW formula [4] 
where the asymmetry term and the pairing term have been modified to obtain great improvements to the fits of the binding enegy versus neutron number curves of the light nuclei. Fitted value of the asymmetry term modifying constant k = 17, while the modified pairing term δ new can be expresssed as
and δ being the old pairing term is given by
while the other constants 
remaining the same as the corresponding values of the constants for the old BW formula. Such modifications, however, do not alter significantly the results for heavier nuclei. This modified BW formula suggests additional stabilities for few light nuclei at neutron numbers N=16 (Z=7,8), N=14 (Z=7-10), Z=14 (N=13-19), N=6 (Z=3-8) and loss of magicity for nuclei with neutron numbers N=8 (Z=4) and N=20 (Z=12-17), most of which were suggested earlier from the systematics. The magicity at neutron number N=6 (Z=3-8) suggested by the new formula is also supported by the experimental r.m.s. radii values that show a quenching at N=6 (Z=3-8). The new formula supports already known 32 N e [7] , 35 N a [8] , 38 M g [9] , 41 Al [9] , as the last bound isotopes of neon, sodium, magnesium and aluminium, respectively. Wherever there is a signature of shell closure in experimental data, the BW as well as the new modified BW formula both show marked deviations delineating clearly the positions of old magic numbers at 2, 8, 20, 28, 50, 82 and 126.
III. THE NEUTRON AND PROTON SEPARATION ENERGIES AND THE DRIP LINES
The one proton separation energy S p , which is the energy required to remove one proton from a nucleus is given by
while the one neutron separation energy S n , which is the energy required to remove one neutron from a nucleus is given by
where B(A,Z), B(A-1,Z) and B(A-1,Z-1) are the binding energies of nuclei having mass number and atomic number A,Z, A-1,Z and A-1,Z-1 respectively. The one proton and one neutron separation energies have been calculated according to Eq. (5) and Eq.(6), respectively, using the new modified BW mass formula given by Eq.(1) with the δ new quantity described by Eq.(2). The best fit values used for the new constants are k = 17 and c = 30 while the values of the older constants used for calculating the binding energies are given in Eq.(4). Then for a fixed value of the atomic number Z, starting from a very low value of neutron number N, which has been increased in steps of one till the one proton separation energy S p becomes positive for the first time and the proton drip line nucleus is reached. Similarly, again for a fixed value of the atomic number Z, starting from a very high value of neutron number N, which has been decreased in steps of one till the one neutron separation energy S n becomes positive for the first time and the neutron drip line nucleus is reached.
In Fig. 1 , using the new modified BW mass formula, the atomic number Z has been plotted against the neutron number N for the proton and neutron dripline nuclei. The lines joining the proton dripline nuclei and the neutron dripline nuclei have been shown as the p-dripline and the n-dripline respectively in the figure. The nuclei stable against decay via β ± , α or heavy particle emissions or electron capture or spontaneous fission [10] have been shown with small hollow squares. There is no nucleus beyond the atomic number Z=83 which is stable against the decays via β ± , α, heavy particle emissions and electron capture and spontaneous fission. In the Table-1 below, using the new modified BW mass formula, the atomic number Z and the neutron number N of the neutron and proton drip line nuclei have been tabulated along with the corresponding values of their one proton and one neutron separation energies. The formula wrongly predicts 5 Table-1 could be useful for planning experiments on mass measurements. In order to demonstrate the change of sign of the one proton and one neutron separation energies, the atomic number Z and the neutron number N of nuclei with one neutron less than the proton drip line nuclei and nuclei with one neutron beyond the neutron drip line nuclei have also been listed along with the corresponding values of their one proton and one neutron separation energies. In the seventh column of Table-1, the predicted values of the atomic and the neutron numbers (Z,N) for the last bound isotopes of neutron rich nuclei have been listed. In Fig. 2 , using the old BW mass formula which can be obtained by putting k = 0 and c = 0 in Eq. (1) and Eq. (2) respectively, the atomic number Z and the neutron number N of the neutron and proton drip line nuclei along with proton and neutron driplines using the new modified BW mass formula have been plotted. The modified BW mass formula alters significantly the results of the low mass region only. The nuclei beyond Z = 47 the proton drip line using the old BW and modified BW are identical while for nuclei beyond Z = 30 the neutron drip line using the old BW and modified BW are identical. However, the proton and the neutron separation energies still differ and gradually becomes identical for heavier nuclei. As can be seen from stellar evolution, nuclear fusion powers stars. The conversion of hydrogen into helium involves a chain of reactions, called the PPI chain, which have that conversion as their net product. The reactions involved are in the stars by the nuclear fusion process. In this process, most of the lighter new elements have been made. However, fusion can only produce elements up to mass number of 56 and atomic number of 26. Heavier nuclides being less stable than nuclides with mass number of 56, cannot be spontaneously produced by fusion. Therefore, the heavier nuclides are produced by neutron capture and proton capture processes during the regular evolution of stars or during the supernova explosion. One aspect of changing magic numbers is its influence on the rapid neutron capture process or the r-process path of nucleosynthesis where the neutron capture proceeds on a rapid time scale as compared to the β-decay lifetimes. The r-process follows a path at the extreme neutron rich side of the valley of stability with neutron separation energies close to 1.2-2.0 M eV (close to the neutron drip line). One of the characteristics of the path is that the r-process goes through neutron magic numbers. Thus, if new magic numbers appear in the neutron-rich region, the r-process path may be modified. Such modification might solve inconsistencies between calculations and observations for the r-process abundances. For the unstable nuclei, when the time between successive neutron captures is much larger than the β-decay lifetimes, the network of processes involved is called the slow neutron capture process or the s-process and closely follows the valley of β-stability. Because proton capture requires overcoming an energy barrier, it is not an efficient process. Therefore, the p-process nuclides have low abundances compared to those of the s and r nuclei. But some proton rich nuclei can not be synthesized by either the s-process chains or the decay of neutron rich matter and are synthesized by the astrophysical proton capture (p) process nucleosynthesis responsible for few proton rich stable nuclei and via the rapid-proton capture (rp) process which follows a path close to the proton drip line highlighting its astrophysical importance.
IV. SUMMARY AND CONCLUSION
Neutron and proton separation energies have been calculated using the newly modified Bethe-Weizsäcker mass formula which delineates the positions of all new and old magic numbers. The last bound isotopes of neutron rich nuclei have been identified using this new BW mass formula and the new neutron and proton drip lines have been provided. The drip line nuclei listed and the values of the separation energies provided in the table could be useful for planning experiments on mass measurements. The even-odd staggering has been found to be quite prominent for the proton dripline showing that the proton dripline for even Z nuclei is further away from the region of β-stability than that for odd Z nuclei. However, the even-odd staggering has not been found to be strong for the neutron dripline. Since the new mass formula identifies all the new magicities or its loss, calculations according to this mass formula provide better limits to the neutron and proton drip lines. The atomic number Z has been plotted against the neutron number N for the driplines calculated using the modified BW mass formula and the dripline nuclei using the old BW mass formula.
